Autonomous agents are systems situated in dynamic environments. They pursue goals and satisfy their needs by responding to external events from the environment. In these unpredictable conditions, the agents' adaptive skills are a key factor for their success. Based on previous interactions with its environment, an agent must learn new knowledge about it, and use that information to guide its behavior throughout time. In order to build more believable agents, we need to provide them with structures that represent that knowledge, and mechanisms that update them overtime to reflect the agents' experience. Pattern mining, a subfield of data mining, is a knowledge discovery technique which aims to extract previously unknown associations and causal structures from existing data sources. In this paper we propose the use of pattern mining techniques in autonomous agents to allow the extraction of sensory patterns from the agent's perceptions in realtime. We extend some structures used in pattern mining and employ a statistical test to allow an agent of discovering useful information about the environment while exploring it.
Introduction
There are several definitions of autonomous agents, and several attempts to define the requirements that a designer must meet when building those agents [1] . Nevertheless, there a few characteristics which are common to those definitions of agents, specifically that they are systems situated in dynamic environments, which have and actively pursue some goals and satisfy their needs by autonomously responding to external events from that environment [1] [2] . The characteristics of the environment make restrictions on the sensations perceived, and shape the actions performed, the knowledge constructed, and the decisions that are taken by the agent at each moment. Because those environments can be dynamic and unpredictable, the agent must have some mechanisms to distinguish the features that are perceived from it, focusing its attention in those that seem more promising to achieve its goals, and ignoring others that do not [1] . This ability of adapting to and learning new knowledge from the environment while interacting with it in real-time defines restrictions and requirements when building autonomous agents with such capabilities [2] . Namely, we need to provide them with some structures that represent the acquired knowledge about the environment, and mechanisms that update these representations overtime to reflect the agent's interaction experience.
Data mining encloses a set of techniques to extract previously unknown and possible useful information from data [3] . One of such techniques is transactional pattern mining, which extracts frequent associations and causal structures among sets of objects or items from several transactions.
In this paper we propose the use of pattern mining techniques within the autonomous agents paradigm in order to provide those agents with the ability of discovering associative patterns in their perceptions while they interact with their environment, i.e., in real-time. These patterns constitute the agents' knowledge about its world taken from the regularities that are perceived from its experience. Later on they can be useful for the agent to form concepts about the environment and by setting expectations about future events. To achieve that we extended some structures used in pattern mining to represent the discovered knowledge. We also adopted a statistical test to detect significant sensory information for the agent to discover useful facts about its world, and came up with some heuristics and algorithms to update and maintain the knowledge structures in real-time, while the agent explores it.
This paper is organized as follows: the next section gives an overview of the general idea and motivation behind the work presented, and define the research problem we are trying to solve. In the following section we present several extensions to related work as possible solutions to the problem. In section 5 we present the tests used to validate the proposed solutions and a comparative analysis relating them. Finally we draw some conclusions and possible future extensions for the work.
The Problem
In this section we describe the background motivation and research problem behind the current work, introduce the pattern mining problem and explain how the analogy between these problems and the autonomous agents' paradigm can be made. Next we characterize the problem to be solved and define a set of requirements to be satisfied.
Background
In a previous work [4] , Sequeira et al. presented SOTAI (Smart ObjecT-Agent Interaction) framework to help autonomous agents identify the set of possible interactions with unknown objects of the environment, based on previous experiences with other objects. The approach is based on the notion of Gibson's affordances [5] which can be defined as the interaction opportunities which are transmitted by the objects to the agents taking into account their interaction capabilities. Within the SOTAI framework, an agent is provided with a set of sensors from which it perceives its environment. At each moment one sensor can contain a set of sensations which are modeled as symbolic qualities or features of the perceived objects from the environment. For example, if an agent interacts with an orange then it will receive the symbol orange in the color sensor, spherical in the shape sensor, the symbol soft to the touch-texture sensor, etc.
